IN-PILE TEST ASSEMBLY
The in-pile test aeaembly consisted of two separate parts ( 
I
lNSLliT I teat assembly.
The cell contained seven resistance heaters.
Six of thesa were supported on the interior threaded wall of the flow divider and were used for temperature control; the other was wound on the non- and at the point where the gas gap changed thickcompression-tYPe seals.
For installation, the heater units were firSt wound on a mandrel, as show in Fig. 3 . The flow divider "as then threaded over the heaters; thẽ mall CIampS were removed as the operation progressed. After the flow divider was in pOSitfOfl, the mandrel was unscrewed from the assembly, and he top he~tey was installed as shOwn in Fig. 4 Helium cover gas, at a pressure slightly above atmospheric, waa maintained over the convecting sodium and in the upper sealed annular region of the environmental cell.
A 3-ft-long, heavy-walled steel cylinder, slotted to accommodate heater and gas lines, was located in the lower part of the sealed gas-filled region. This cylinder provided a neutron scattering medium to prevent neutron streaming to the top of the reactor.
The usual inspection procedures of radiography, dye penetration, and helium leak testing were employed during the construction of the cell. All stainleas steel tubing used for the cell was degreased and cleaned by the manufacturer. Common solvents were used to clean other cell components.
After the cell was filled with sodium, it was operated at temperature for a few weeka in a nonnuclear environment closely simulating that of the OWR . The cell was placed in a dummy fuel element held in a 6-ft-long standpipe.
The cell was in- Cell handling was relatively straightfomard; the most complicated part was shielding the bottom end during ita removal from the reactor. Insert handling was more complicated. The cell had to be penetrated without admitting air into the helium cover gas. When the insert was removed from the cell, the highly radioactive fuel capsule and its tantalum container had to be separated from mildly activated steel tubing and thermocouples. Finally, all activated materials had to be shielded for gamma radiation and sealed in containers.
Environmental Cell
Insertion into the Reactor.
The cell was vertically suspended over the reactor by the winch. A gland seal was installed on a reactor-top experiment port, and the cell was lowered through it until the bottom end came to rest on a pin in a dummy fuel element in the reactor core. Gas lines, heater leads, and thermocouple leads were then connected.
After the sodium was melted, the cell was ready to receive an insert.
Removal from the Reactor.
For the experiments described in this report, two environmental cells were installed in the reactor tank. One has now been removed from the reactor, and the other is being adapted for the test irradiation of solid fuel elements. The irradiated cell was removed without difficulty.
The insert was taken out before the cell was removed.
Although enough shielding was provided to remove the cell with the insert inside if the insert could not be removed, this situation never occurred.
The cell sodium was frozen, and all gas and electrical lines were disconnected. The cell was raised 7 ft and clamped, and a split shield (9-in.
o.d., 2-in. id., 40 in. high) of depleted uranium was installed around the top of the cell (Figs. 8 and 9). When both cells were in place, the shield could not be installed until the adjacent cell was raised 7 ft, because of the closeness of the cells.
Therefore, the other cell was also raised, with its gas lines disconnected and its electrical leads extended.
After the shield was in place, the cell to be removed was raised an additional 2 ft, so that the cutoff saw could be installed. This device ia a portable grinder, mounted in a hinged frame, driving a Carborundum wheel. One side of the hinge clamps to the cell, and the other side holds the grinder.
The cutoff saw must first be installed with its cell clamps loose, so that the cell can be raised with the saw resting on the shield top. clamp.
An O-ring between the lower gas lock and the cell made a gas-tight seal. After the gas lines had been connected, the gas locks were purged of air and filled with helium. They were then opened to the cell. Finally, the insert was lowered until the fuel capsule was just above the cell sodium, at which time the sweep-gas lines were connected and the insert was evacuated.
Only then was the insert lowered to its final position so that the sodium in the insert would be melted under vacuum. The helium sweep-gas flow was then started.
Removal from the Environmental Cell after Irradiation. The thermocouple train was raised 2 ft to pull the thermocouples out of the secondary container. All the insert thermocouple extension leads and gas lines were removed, except the line for evacuating the sliding O-ring seal. A plastic sleeve was installed at the connection between the two gas locks to contain radioactive contaminants when the two gaa 10CICS were separated.
Gamma shielding was then assembled around the two gas locks. This consisted of:
1.
2.
3.
4.
The main capsule shield of depleted uranium (9-in. o.d., l-in. id., 25-1/2 in. high), which split into two halves and was assembled around the lower gas lock (Fig. 11) .
A smaller split shield of depleted uranium (5-in. o.d., l-in. id., 28 in. high), which was assembled around the upper gas lock to shield the irradiated steel parts (Fig. 12) .
A 2-in.-thick shield of lead, which was placed around the front of the ball valves between the two uranium shields (Fig. 13) .
Bags of lead shot, which were stacked around the valves at the bottom of the capsule shield (Fig. 13) .
The insert was raised 2 ft higher, ao that the cutoff saw could be attached.
If alpha contamination of the Insert was expected, plastic bagging was put over the aasembly and attached to the top of the upper gas lock.
When everything was in place, all personnel left the reactor top, and the insert was raised until the hexagonal top of the secondary container engaged a socket in the top of the gas lock. After the ball valves between the cell and the lower gas lock were closed, the outer sweep-gas tube was detached from the secondary container.
The tubing was raised out of the lower gas lock, and the valves between the two locks were closed. The tubing was then cut off above the upper gas lock, and the unirradiated part was removed, leaving the radioactive parts in two shielded gas-tight containers which were separated and removed one at a time.
If bagging was used, it was gathered and tied twice between the cut ends, then severed between the ties. The shield containing the capsule was put into a large lead pig for transportation to the hot cells.
Handling Experience. Eleven inserts of various types were installed and removed successfully,
The highest gamma radiation dose received by . personnel during an insert removal waa 0.2 rem.
Usually, the maximum dose received by any one person waa less than 0.1 rem.
Minor complications arose during the removal of some inserts. Several of the inserts had thermocouples that could not be removed from the fuel region. When this happened, the insert was raised with the thermocouples in place. Nhen the 3/4-in.
tube was unscrewed from the tantalum secondary container, the thermocouples either sheared off or wound around each other. As the tubing was pulled away from the tantalum, the unbroken thermocouples were allowed to slip down through the thermocouple seal at the top of the insert. The middle gaslock valves were closed on these thermocouples. After the two gas locks had been separated and the bagging between them had been tied, the bagging and the thermocouples were severed by the same cut.
The outer sweep-gas tubing was scored by other stainless steel parts in the first inserts. The scored tubing galled the compressor rings in the slidifig O-ring seal, which caused the tube to jam.
Scoring was prevented by installing brass bushings in the gas locks where the tubing,would otherwise rub on stainless steel.
GAS CONTROL SYSTEM
The gas system maintained a helium atmosphere 
ig . 14. Gas control system.
Vacuum and Helium Gas Service
A vacuum manifold consisting of a 2-l/2-in. The performance of the diffusion cell was tested with the uae of a gae chromatography. Table I presents the impurities of a sample gas input to the diffusion cell and the impurities of the chromatography carrier gas (Bureau of Mines helium). The molecular sieve was monitored for radioactivity by a scintillation detector (NaI) feeding an alarm.
TAHLE I COMPARISON OF DIFFUSION CELL SAMPLE GAS IMPURITIES WITH CHROMATOGRAFH CARRIER GAS IMPURITIES
An output signal from the alarm was fed into a recorder for continuous recording of the radiation levels. TWO set pointa on the alarm provided signals for high radiation levels or alarm failure.
A scintillation system was used for obtaining spectral analysis of any observed increase in radioactivity.
Heat-Leak Gas System
The heat-leak gas consisted of a mixture of helium and nitrogen. Any mixture of the two gases, or either gas alone, could be obtained by a simple Equilibrium fission-gas bubble content of the fuel appears to be about 3 or 4%.
Operation of three of the inserts was terminated because of the release of volatile ffaaion products from the fuel capsules. The behavior of the system was different in each case.
In one, the sweep-gaa monitor showed a sharp increaae in radioactivity (ten times normal background).
No other system perturbationa were observed. The reactor was shut down and gamma spectra of the molecular sieve were obtained. These data ahowed existence of primarily short-lived gaaeoua fission products, indicating that plutonium rather than capsule plenum gas had leaked. Subsequent metallography showed capsule wall thinning at the fuel surface and a crack in the bottom of the capsule.
In the second, the sweep-gas monitor showed a small radioactivity increase (about background) with no other system perturbations. Gamma spectra of the molecular sieve indicated a plutonium,leak. Becauae the radioactivity increase waa small, the capsule was allowed to continue operating. The radioactivity increased gradually over the next two days at a rate of 0.25 mR/h2. On the third day, the radioactivity increased rapidly to 50 times background, and the experiment was terminated. Later examination of the capsule showed about 30% wall thinning at the fuel surface. The lower curve was normalized to the experimental value of 35 IJlg Pu. The edge-to-average ratios were 1.4 (calculated) and 1.5 (experimental).
The effect of varying the thickness of a natural boron filter wae studied calculationally for 3.0 g WCC fuel.
Results (Fig. 22) indicate that a aerioua loaa in average power is involved for even a moderate improvement in edge-to-average ratio.
The edge-to-average ratio without filtering ia a function of the plutonium content of the fuel, as shown in Fig. 23 . Analyaia of the related fuel temperature distributions indicated that, for liquid fuels having 3-8 g Pu/cc, the power distribution of unfiltered test sempl.ga was satisfactory. These samples were compared to samples with the same average power density but of uniform radial power gen- 
2.
If this work were to be continued, the followareas should be investigated:
Dynamic behavior of the fission products in relation to fuel column height and the response of these fission products to mechanical shock.
Fluid dynamics of the fuel in relation to fuel column height and power density.
3. Axial temperature gradient effects, including operation with impressed temperature gradients.
4. Melt-freeze cycling of irradiated capsules.
5. The accumulation and disposition of gross quantities of fiseion products.
6. Effects of high fuel burnup.
These studies should be made with fuel columns up to 18 in. long. Such prototype fuel element tests would lead to a significant extension of understanding the utility of these fuels for LMFBR application.
Eventually, it would be necessary to irradiate prototype fuel elements in a fast flux spectrum.
This could be done in a high-flux thermal reactor with appropriate flux filters for hardening the spectrum or, of course, in a fast reactor test facility. However, irradiation results other than those investigated in this work could be obtained in the OWR, even though the flux is limited. For example, fuel columns up to 6 in. long could be tested by using the environmental cell design with one-half the present heat-leak gas gap thickness.
Even this modest increase in fuel height would enhance the fuel surface level detection--an invaluable measurement in the evaluation of items 1 and 2 above.
